Designing custom coils for magnetic resonance systems, such as nuclear magnetic resonance (NMR) spectrometers and magnetic resonance imaging (MRI) scanners, often entails using non-standard configurations of the transmit-receive (T/R) switch and Q-spoiling circuits. The built-in drivers of commercial NMR and MRI systems are, typically, only reconfigurable within a narrow application range (if at all). Thus, the built-in driver may not be able to properly control the custom T/R switches and Q-spoiling circuits when using custom built coils. We present a PIN diode driver which functions in both an MRI scanner and NMR spectrometer. The PIN diode driver is based on readily available discrete components and achieves switching times for the reverse and forward bias states (transmit on and off) of 2 µs and 0.4 µs respectively. Hence, this work enables a higher degree of customization of the RF switching circuits in an MR system and is potentially of interest for designers of custom coils for both NMR spectrometers and MRI scanners.
Introduction
bias or vice-versa. 23 Drivers are available commercially for cellular applications where the current sourcing capability is limited 24 at 100 mA with a switching speed of up to 1650 ns [10] . [11, 12] describe an implementation, which is capable [20] presents a complete differential 32 T/R switch, including a differential driver for NMR and MRI. The driver is based on the opamp design in 33 [13] and is capable of sourcing up to 1.8 A with a switch time of approximately 700 ns.
34
Two key issues with the currently available drivers are: 1) The drivers require a specific series resistor for 35 a given output voltage (which determines the current through the PIN diode). Since the resistor determines 36 the output voltage, the sourcing current is vulnerable to changes in the knee voltage of the PIN diode.
37
For instance, given a certain Q-spoiling switch employing multiple PIN diodes in series, the resistance 38 regulating the biasing current needs to be recalculated and changed in the driver. 2) Low and/or unclear 39 current sourcing and sinking capabilities.
40
In this work, the two problems described above are addressed by designing a driver, which features a 
Methods

44
For the driver to work in both an NMR spectrometer and MRI scanner it is required that the driver can 45 trigger on both a voltage-to-voltage and current-to-voltage input (transmit on-to-off). The voltage-voltage 46 input is typically supplied from a microprocessor (e.g. 5 V and 0 V for the transmit on and off state respectively) and the current-voltage input is the Q-spoiling signal from the MRI scanner (e.g. 100 mA current forward and -5 V reverse bias). When the input to the driver transitions from low to high, the output of the driver needs to transition from a reverse bias of -5 V to a forward bias between 100-500 mA 50 and vice versa. Even though the driver is applicable to both NMR and MRI systems, it is primarily designed 51 for an MRI system where a single positive supply of 10 V is available. We target switching times from forward 52 to reverse bias in under 1 µs and from reverse to forward bias below 10 µs. Vout, a discrete current limiter is used. The buffer consists of a Schmitt trigger ensuring that the PIN driver does not flicker if noise is present on Vin. It is a standard non-inverting topology using the LT1720 comparator (U1A), which is a rail-to-rail and single supply OpAmp. When Vin transitions above an upper threshold voltage V h the buffer output V oh = Vcc. Vice versa, when Vin transitions below a lower threshold V l , V ol = 0. R1, R2, R3, and R4 are found by solving [21]
where V ref is the voltage at pin 2 of U1A. V ref is defined by the voltage division between R2 and R3. Hence, 
The BC557 has an approximate conduction voltage of 0.7 V and thus the minimum and maximum current 104 is 67 mA and 1.4 A respectively. R19 is added to prevent Q13 from going out of conduction (by adding a 105 small quiescent current of approximately 10 mA) and thus decrease the turn on time of the current limiter. 
Imaging and Spectroscopy Experiments
Imaging of 13 C was conducted on a 3 T clinical scanner (GE Healthcare MR750). A cylindrical phantom approaches Vcc the linear increase in switching time breaks down and the switching time increases. The 163 reverse bias switching time when using multiple series diodes is seen in Fig. 4d . It is found that the reverse 
